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Abstract: The integration of a heta-ray detector to multichannel analyzer (MCA) and
computer has resulted in a portable spectrometer fcr studying beta rays in the field.
The present detector is a 5 cm diameter by 2 cm thick plastic scintillator munufac-
tured by Bicron, Inc. Other detectors can easily be integrated into the package.

The integral instrument package is 15 cm wide by 15 cm high by 25 cm long and weighs
Tess than 19 pounds. Internal rechargeable batteries for 8 hours of field operation
are included. The instrument contains a detector, an amplifier, a multichannel
analyzer, and a iiquid crystal display (LCD). A microprocessor controls all the
functions c¢f the instrument and is programmed to display all necessary information
and 128-channel spectra on the LCD,

Introduction

The problems ¢f boeta dosinetry stem from the typically broad beta energy spectra
encountered, and the energy-depondent nature of both detector response and dose
distribution in tissue, The ideal survey instrument should be sophisticated enough
to account for this energy-dependence and provide reliable dosimetry data regardless
of the incident beta energy.

Small, nortable radiation survey instruments with microcomputers for instrument
operation and date analysis have been developed at Los Alamos for several applica-
tions (Wal1, [v82).  We have recently beaun development of a combination beta
spectrome ter/dos imeter with internal microprocessor for spectrum unfolding and
conversion of luence to absorbed dose versus dopth in tissue. A small beta-ray
detector built by Bicron, Inc. has been Interfaced to an electronic system,
including a 128 -channel pulse height analyzer.  The detector 1s capable of measuring
the enerdy of hota rays from 100 keV (o about 4 MeV. Work reported here involves
the development of the electronic package and spectrometer functions,

Pescription or lectronies

The electronic circuils include an input clrcait, a microcomputer, and display
as shown in the block diagram in Fig., 1. The input c¢ircutt includes signal
conditioning clrcuitys and an B-bit analog-to-digital converter (ADC). The output.
of the ADC {4 fed Lo the microcomputer, which will generate spectral and dose
information. The microcomputer is destgnod around a National Semiconductor NSC 800
microprocessor,  The processor ia supported by 16K bytes of total memory. Spectral
and dose Information i sent to a bullt-in liquid crystal display (LCD).  The (CD
[o arvanged tnoa dot matri:x arvay, 8¢ dots wide and 28 dots high,

fhe power Lo operate the fnsteament i supplied from six AA rechargeable
batteries,  Powor consumption 5 low enoungh for the battery pack to provide about
8 hours of operation hotween charqges,



Operation of the Instrument

Several different modes of operalion are available on the instrument. They are
1) accumulate data; 2) display beta spectra; 3) display inteyrated dose results;
4) display dose rate results. While the raw data are being accumulated, the
integrated dose and dose rate are updated periodically.

The LCD functions to displav both alphanumeric data and graphics output. For
example, the raw data are displayed as a plot of number of counts per channel
versus channel. Only 80 channels of data are displayed at one time, and to display
the remaining 48 channels the display can be scrolled. The x-axis is calibrated
in MeV and the vertical scale can be changed to accommodate the data being displayed.
A1l dose and dose rate results are displayed on the LCD. Fig. 2 illustrates the
alphanumeric and graphic display in response to a Sr-90 beta spectrum.

A1l of the various modes of the instrument are accessed through a sixteen-button
keypad. It is important to note that the complete operation of tie instrument is
controlled through the woftware developed tor the instrument.

spectrometer Pertormance

Preliminary calibration of the detector essembly has been performed with mono-
energetic olectron sources at Lawrence Livermore National lLaboratory (150-630 keV).
and at the . S National FPurcau of Standards (150 keV - 2.5 MeV). Fiqure 3
ilTlustrates a fow ol these measurcments,  The energy resolution (FWiM approximately
15 af the incident enervqy), and the backseatter tail are typical of plastic
scintillators.

Detector vospont e was recorded at soveral heta eneraies and at several angles of
inc idence.  Results of these measivements are being uced to determine the detector
renpense fanction, which willl be incorporated into an unfolding code for the
integral mioroproces o (HaB3),

The vosponse of Lthe detector Lo gamma and x pradiation is nol instanificant.,
Broms teab bung from incident heta particles will be compensated by the detector
responte tunction, but analvaia of o mixed beta/gamma field will probably require
A second, beta shiolded measement for subteaction o the Compton backyground,

e ion

Our prelininary data indicate that a portable beta spoctrometer /dos fmeter 1y
indeed feasible,  The detector vesponse i more than adequale for a survey
fns brumend. of this type  Once the spectrometer functions are fully charecterisod,
we will beqgin development of alqgorithms for conversion of fluenrce 1o abyorbed beta
dose, These algorithme will be tssue depth-pecivic and, depending on user nteds,
will calcalate and vead oul divect ly dose to selected targets (eoa. okFing lens of
the oyie)
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Figure Captions

Fig. 1. Block diagram of the instrument electronics circuits.

Fig. 2. Typical Sr-90 beta spectrum with illustrations of the alphanumeric and
graphic displays from the instrument.

Fig. 3. Detector calibration measurements for three energics (375 keV, 1.0 MeV,

and 2.5 MeV nlectrons).
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